Abstract: Numerous studies have demonstrated that TCTP/HRF is a unique cytokine, modulating the release of inflammatory mediators from various cell types including cells involved in allergic phenomena. Despite the absence of a leader sequence in its NH 2 -terminus, TCTP/HRF is regarded as a secreted protein found outside of cells as well as in fluids from allergic patients and parasitic organisms. Recent studies clarified several potential mechanisms leading to its secretion. For example, these studies showed that TCTP/HRF is exported from cells via a non-classical, endoplasmic reticulum (ER)/Golgi-independent mechanism associated with exosomal transport. TSAP6, a p53-inducible transmembrane protein, has been shown to enhance exosome production, and facilitate the secretion of TCTP/HRF into extracellular milieu. Additionally, H,K-ATPase also appears to play a role in the transport of TCTP/HRF, since inhibitors of H,K-ATPase also inhibit TCTP/HRF exit. The exact mechanisms involved in TCTP/HRF secretion has not yet emerged. Here we attempted to collate the available information in the current understanding of the mechanisms underlying the release of TCTP/HRF and of the factors that seem to influence these mechanisms.
INTRODUCTION
Translationally controlled tumor protein (TCTP), also known as histamine releasing factor (HRF) or fortilin, (hereafter called TCTP/HRF in this review), is a highly conserved protein, ubiquitously expressed in almost all eukaryotic organisms [1] . TCTP/HRF has a structural homology with the small chaperone family of Mss4/Dss4 proteins which are reported to bind to the nucleotide-free form of Rab proteins [2] . Their tubulin-binding domain and the Ca 2+ -binding region are mapped [3, 4] . Intracellular expression of TCTP/HRF is regulated at both the transcriptional and translational levels by a wide range of extracellular signals and stimuli [1] . TCTP/HRF plays roles in cell cycle progression [3] , malignant transformation [5] , and anti-apoptotic activity [6] in addition to its extracellular, cytokine-like function as a histamine-releasing factor [7, 8] with potential implications for roles in immune responses and allergy. In addition, our group showed that TCTP/HRF plays several previously unrecognized functional roles. One is its function as a cytoplasmic repressor of Na,K-ATPase [9] because of which, overexpression of TCTP/HRF in vivo leads to hypertension, and increases intracellular calcium mobilization [10] . Another new finding on TCTP/HRF we recently reported is that its amino terminal region functions as a protein transduction domain (PTD) [11] . As is well known, PTD peptides are used to enhance cellular uptake of drugs, proteins, polynucleotides or liposomes [12, 13] . Extracellularly secreted *Address correspondence to this author at the College of Pharmacy, Center for Cell Signaling & Drug Discovery Research, Ewha Womans University, Seoul 120-750, Korea; Tel: +82 2 3277 3024; Fax: +82 2 3277 2851; E-mail: klyoon@ewha.ac.kr TCTP/HRF is modified and activated by dimerization, to acquire cytokine-like function [7] . A peptide binding to dimerized TCTP/HRF inhibits the release of inflammatory mediators in vivo [14] .
Despite the plethora of reports on TCTP/HRF, including its ubiquitous distribution, its conservation in various species, and its influence on a variety of biological phenomena, a unified concept of the primary functional role of TCTP/HRF has not yet emerged. This review will briefly highlight recent advances in our understanding of the secretion of TCTP/HRF, and of the possible underlying mechanisms. It will not cover, except when necessary for this narrative, topics such as historical aspects of the discovery and early researches on TCTP/HRF, including its animal and plant variants, structures, functions, and interactions, and transgenic studies which will be covered in other chapters.
Secretions of TCTP/HRF have also been shown to be present in activated mononuclear cells, platelets, in nasal lavages, skin blister fluids, and bronchoalveolar lavage (BAL) fluids obtained during late phase allergic reaction [15] [16] [17] [18] . TCTP/HRF is now regarded as a protein secreted from erythroid and leukemic cells as well as bronchial epithelial cells (Table 1) , which suggests that TCTP/HRF may also be secreted by other cell types yet to be identified [8, 16, [19] [20] [21] [22] [23] .
TCTP/HRF was originally viewed as a secretagogue of histamine and interleukin (IL)-4 from basophils in donors having particular type of IgE [24] . Subsequent studies revealed that regardless of the type of IgE, TCTP/HRF can enhance IgE-dependent histamine release as well as IL-4 and IL-13 production by basophils [25] . In fact, it has actually been suggested that TCTP/HRF interacts with its own receptor and exerts cytokine-like activity, and not through IgE or Fc RI [26] . TCTP/HRF also activates chemotaxis, triggers IL-8 release from eosinophils and induces intracellular calcium mobilization [27] . In addition, TCTP/HRF is a B cell growth factor inducing cytokine production from these cells [28] . Yoneda et al., reported that TCTP/HRF also stimulates non-immune, bronchial epithelial cells to produce IL-8 and granulocyte/macrophage colony-stimulating factor (GM-CSF) [23] . These functions including the promotion of the production of interleukins from basophils and eosinophils [25, 27] , make TCTP/HRF an important player facilitating general cytokine-like activities involved in immune response. Although several aspects of secretion of TCTP/HRF have been well documented, how TCTP/HRF is eventually exported out of cells to promote histamine release is not yet fully understood.
SECRETION OF TCTP/HRF AND THE UNDERLY-ING MECHANISMS
It is well established that secretion of TCTP/HRF into biological fluids influences a multitude of biological and cellular phenomena. However, there is no clear understanding of the factors contributing to the release and export of TCTP/HRF. In general, secreted cellular proteins are typically exported by one of two major routes. A majority of secreted proteins which possess signal sequences composed of 13-30 hydrophobic amino acids at their NH 2 -termini, exit via an ER/Golgi-dependent pathway. This classical secretion is mediated by a leader sequence that directs the protein through the ER/Golgi-dependent route, followed by vesicular transport to the biological membrane, and extracellular release of the protein in a soluble form. Some intracellular proteins are resistant to inhibitors of ER/Golgi trafficking such as brefeldin A or monensin [29, 30] , and are exported without signal peptide, independent of the ER/Golgi apparatus, via secretory pathway, that is called an alternative pathway or unconventional secretion [31] . IL-1 and galectin-1 were the first leaderless secretory proteins that were shown to follow such ER/Golgi-independent route [32, 33] . Such unconventional export can be mediated by several potential mechanisms, which involve exosomes, lysosomal secretion, plasma membrane resident transporters, and exovesicles or membrane blebbing [34] . Exosomes which are one of the agents that mediate protein export are small vesicular organelles that are secreted as a consequence of fusion of multivesicular late endosome with the plasma membrane [35] , leading to release of exosome-loaded cargo into the extracellular space [36] . Exosomes are responsible for the export of major histocompatibility (MHC) class I and II, and integrin family through the non-classical pathway [31, [37] [38] [39] , which is believed to be associated with several different physiological processes [40] .
Since TCTP/HRF proteins lack any obvious secretion signaling residues at their NH 2 -termini and no precursor protein has been described [41] , these proteins may be secreted by unconventional routes, via ER/Golgi-independent fashion such as that described for fibroblast growth factor (FGF)-1, FGF-2 [42, 43] , thioredoxin [44] , lipocortin, alternatively called annexin [45] , galectin [46] , HIV-Tat protein [47] , plasminogen activator inhibitor 2 [48] and IL-1 [44, 49] . It is therefore logical to suggest that TCTP/HRF, which also has no classical leader sequence, exits from cells via an alternative or unconventional pathway, e.g. through lysosomal and exosomal secretion, plasma membrane resident transporters, and perhaps other pathways [31, 34, 50, 51] . A definitive mechanism for the secretion of leaderless TCTP/HRF proteins was first unveiled by Amzallag et al [19] . They suggested that TCTP/HRF is secreted by an ER/Golgi-independent, exosomal route and described the underlying mechanisms. Recently, our laboratory proposed the involvement of H,K-ATPase [20] , in TCTP/HRF secretion and this finding was corroborated by the observation that H,K-ATPase inhibitor ameliorated the allergic symptoms. Several stimulators such as H 2 O 2 [23] , M-CSF [22] , and dioxin [21] have also been found to promote the secretion of TCTP/HRF homologues, although other cytokines or factors, as yet undefined, may also play pivotal roles in TCTP/HRF secretion. A summary of publications on TCTP/HRF secretion is presented in Fig (1) . Clearly, a unifying picture of the mechanisms involved in TCTP/HRF secretion is yet to emerge.
The vast body of information that has accumulated on the pathways of TCTP/HRF secretion and the underlying pathophysiological mechanisms, suggests that secretion of TCTP/HRF occurs via ER/Golgi-independent, non-classical pathway operating in the exosome. Secretion of TCTP/HRF regulated either a) by a tumor suppressor activated pathway-6 (TSAP6)-mediated [19] route, or b) by via a H,K-ATPasemediated [20] route.
a) ER/Golgi-independent, Exosomal Export of TCTP/HRF via TSAP6-mediated Pathway
How TCTP/HRF is eventually exported out of cells to promote inflammatory responses became clear only after the finding that TSAP6, a multi-transmembrane protein, modifies the trafficking and regulates exosomal secretion of TCTP/HRF [19] . Of note, it was shown that overexpression 
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Human macrophage cells [8, 20] Murine macrophages Murine peritoneal macrophages [22] PBMC Peripheral blood mononuclear cells [8] K562 cells Human erythroleukemia cells [19] D1 cells Murine dendritic cells [19] Jurkat cells Human T cell leukemia cells [21] BJAB cells Human B cell lymphoma cells [21] of TSAP6, facilitates the exit of TCTP/HRF via exosomal route and that TSAP6 plays a role in either the selective transport of specific proteins to the exosome, or in the regulation of exosome production [19, 52] . TSAP6, a p53-inducible ferrireductase [53] , and human homologue of the rat pHyde [54] , was originally discovered as a transcript upregulated by p53 [55] , and is reportedly involved in apoptosis, and cell cycle regulation [56] . TSAP6-related proteins such as STAMP1 and TIARP1 have been localized to vesicular structures and have been implicated in vesicular trafficking and secretory processes [57, 58] . Secretion of either endogenously or exogenously expressed TCTP/HRF was not hampered either by brefeldin A or monensin treatments, suggesting that they proceed via an ER/Golgi-independent or nonclassical pathway [19] . A functional relationship between TSAP6 and TCTP/HRF was confirmed by the observation that overexpression of TSAP6 considerably enhanced the secretion of both endogenous and exogenous TCTP/HRF in epithelial cells as well as in hematopoietic cell lines. Furthermore, both TSAP6 and TCTP/HRF were co-localized in the vesicular-like structures, and TCTP/HRF was found in exosomal preparations derived from supernatants of dendritic cells, suggesting that TCTP/HRF may be secreted via exosomal export [19] . It is also indicated that TCTP/HRF is associated with TSAP6 in the cytoplasm as well as in exosomes and the intracellular content of TCTP/HRF increased in Tsap6-null cells [19, 52] . Interestingly, nonclassically exported, leaderless galectin-3 was also found in exosome preparations from dendritic cells [59] together with TCTP/HRF in the same sucrose gradient fraction [19] , suggesting that both these proteins may exert their extracellular activities on neighboring cells via exosomes involved in intercellular communications [39] . In accord with the finding that TSAP6 increased TCTP/HRF in the supernatants, TSAP6 also raised TCTP/HRF levels in exosomes derived from 293T cells. These observations confirm the role of TSAP6 in the export of TCTP/HRF [19] .
TSAP6 also seems to play a role in the selective transport of proteins of exosomes, as shown by the finding that TSAP6 specifically enhanced the presence of MHC class I, but not that of clathrin in exosomes [19] . Since dendritic cell-derived exosomes include both MHC class I and II and have been shown to induce potent immune responses [38, 59] , exosome-loaded TSAP6 is possibly involved in exosome-associated activities. Notably, there is robust evidence that exosomes are readily secreted by certain immune cells including cytotoxic T cells, for specifically targeting mediators of cytolysis, and B cells and dendritic cells, for antigen presentation and T cell proliferation, respectively [35, 60] . Therefore, exosomes are likely to affect a series of immune responses. The majority of secreted TCTP/HRF appeared to originate from pre-existing intracellular pools, rather than from newly synthesized proteins, and TCTP/HRF has a relatively long half-life [19] . It was suggested that a non-secretable pool of TCTP/HRF contributing to various intracellular functions exists, and this explains why only small fractions of the total intracellular TCTP/HRF is released. In this regard, it was speculated that pre-existing pools of TCTP/HRF can act as a readily accessible store enabling the rapid recruitment of pre-packaged mediators to the site of allergic inflammation upon stimulation [19] . Taken together, these observations suggest that TSAP6 plays novel roles facilitating export of TCTP/HRF, and that it takes part in the regulation of vesicular trafficking and exosomal secretion. Recently, a model was proposed for the regulation of the secretion of exosomes by TSAP6, using TSAP6/Steap3-null mice [52] .
These concepts on the regulatory mechanism for exosomal export were further extended by invoking a novel role for p53 in regulating exosome secretion in conjunction with activation of TSAP6 [61] . p53 responds to various stress signals such as genotoxins, hypoxia, and activated oncogenes [62] by regulating the transcription of target genes. Since TSAP6 is known as a p53-regulated gene product and is transcribed in response to stress conditions [56] , p53 is possibly involved in exosome production through upregulation of TSAP6 transcription in response to DNA damage. Employing a proteomic approach to investigate this hypothesis, proteins secreted from cells, and existing in exosomes after p53-mediated stress response of cells, were identified. Activation of p53 facilitates export of non-transcriptional targets of p53 via exosomes, and exosome production by cells is regulated by the p53 response [61] . This was supported by the finding that exosome secretion which normally occurs at a low rate in many cells, is significantly enhanced when p53 is activated [61] . Since TSAP6 enhances exosome production in cells reacting with a p53 response to stress, it has been suggested that p53 mediates enhanced exosome production and secretion by transcribing the TSAP6 gene and causing the production of TSAP6 [61] . Thus the regulation of the production of exosomes, and the exosomal secretion of TCTP/HRF seem to be controlled by TSAP6 and p53.
These findings showing that TCTP/HRF is secreted through exosomes which are regulated by TSAP6 and p53 [19, 61] , and that TSAP6 regulates apoptosis and cell cycle progression [56] , providing the connection between TSAP6 and tumor reversion as suggested by Telerman and Amson [63] . These authors developed a series of biological models to show how a tumor cell sheds its malignant status and becomes non-malignant and that TCTP/HRF and TSAP6 are the key genes in this regard [63] . Also, it was previously shown that TSAP6 is upregulated in the wild-type p53 cells or reverted cells from malignant state, while TCTP/HRF is repressed in those cells [5, 55, 56] . These authors speculated that TSAP6 regulates exosome production to expel proteins that are no longer necessary for their survival and TCTP/HRF exemplifies proteins expelled from cells through interaction with TSAP6. In this regard, exosome may play the role of 'detoxifier' of the cells in a p53-regulated process [52] . Thus, the function of TSAP6, in the context of molecular pathways of tumor reversion, has been conceptualized as a 'detoxifier' [63] . Since TSAP6 exports proteins that are dispensable for normal cell development and survival, tumor cells get rid of survival factors such as TCTP/HRF as they undergo reversion, by activating the TSAP6 [63] . In addition to TCTP/HRF, TSAP6 which is also upregulated during the reversion process initiated by p53 gene, is considered to be necessary for tumor reversion, because of its ability to promote the expulsion of TCTP/HRF from cells, thereby lowering its concentration of TCTP/HRF-overexpressing cancerous cells. These authors indicate that some antidepressive and neuroleptic drugs exert anti-tumor effects by directly binding to TCTP/HRF and interrupting the interaction with partner proteins, thereby promoting its export and lowering its intracellular concentration [63] . Overall, this model offers a unique view of the role of TSAP6-regulated secretion of proteins in inhibiting tumors through exosomal exit and reorganization of tumor cell growth by lessening the cytoplasmic burden of TCTP/HRF.
b) H,K-ATPase-mediated pathway of TCTP/HRF secretion
Our group provided the evidence for the involvement of H,K-ATPase in the secretory pathway of TCTP/HRF [20] . To gain insights into the secretion of TCTP/HRF, we investigated whether agents that inhibit release of TCTP/HRF can serve as anti-allergic asthmatic drugs [20] . Previous studies showing that secretion of the FGF-2 is mediated by the catalytic subunit of Na,K-ATPase [64, 65] and that the Na,KATPase acts as a component of plasma membrane translocation apparatus (PMTA) or regulator of FGF-2 secretion [65] prompted us to search for inhibitors of TCTP/HRF secretion that target putative ATPases on plasma membrane. While screening the possible inhibitors, we found that proton pump inhibitors (PPIs) modulate TCTP/HRF export [20] . Gastric H,K-ATPase, mainly found in parietal cells, is an integral membrane protein responsible for gastric acid secretion. It exports H + in exchange for luminal K + , promoting an acidified environment in the stomach, and is thus an factors in acid-related diseases [66] . This led us to postulate that the peptic ulcer drugs, PPIs [67] , may have anti-allergic potential, given that they reduces TCTP/HRF secretion [20] .
PPIs including omeprazole and pantoprazole block TCTP/HRF secretion from HEK293 and U937 cells, in a concentration-dependent fashion. Also omeprazole and pantoprazole inhibit secretion of both endogenously and exogenously expressed TCTP/HRF. Treatment with ionomycin, a Ca 2+ ionophore that induces ER/Golgi-independent secretion, triggers TCTP/HRF secretion in U937 and HEK293 cells, and pre-treatment with omeprazole and pantoprazole abolishes this effect as might be expected [20] . Furthermore, PPIs inhibit the ion transport activity of H,K-ATPase by binding to the catalytic -subunit, and the increased secretion of TCTP/HRF accompanying the overexpression of H,KATPase -subunit, is significantly abolished by pantoprazole treatment. To further confirm these findings, we tested the ability of pantoprazole to inhibit secretion of TCTP/HRF in vivo, using a murine model of ovalbumin (OVA)-induced allergy. Consistent with previous finding that TCTP/HRF is secreted in biological fluids during the late allergic reaction [15-18, 68, 69] , TCTP/HRF release was detected in the BAL fluids of OVA-challenged mice [20] . Treatment of pantoprazole remarkably reduced Periodic Acid-Schiff (PAS) positive mucus-producing granular goblet cells, infiltration of inflammatory cells of the lung in a dose-dependent manner, as well as the secretion of TCTP/HRF in BAL fluids, suggesting that pantoprazole exerts anti-allergic effect by blocking TCTP/HRF secretion in vivo [20] . We therefore concluded that omeprazole and pantoprazole exert anti-allergic asthmatic effects by abrogation of TCTP/HRF secretion.
Omeprazole, a specific inhibitor of human gastric H,KATPase [70] , has been used in the treatment of peptic ulcer. It is known that omeprazole accumulates in acidic compartments, such as lysosomes, and that the consequent protonation results in an active sulfonamide compound, can act as a potent gastric proton pump inhibitor [71] . In addition, PPIs have also been shown to inhibit a variety of neutrophil functions [72] such as neutrophil-endothelial cell interactions [73, 74] , degranulation [72] , phagocytosis [75] , and production of reactive oxygen intermediates and bactericidal activity [76] .
We proposed several possible mechanisms regarding how PPIs act on the 1-subunit of H,K-ATPase and block TCTP/HRF secretion. One possible mechanism is that the activity of putative TCTP/HRF exporting apparatus may be regulated by the electrochemical gradient driven by H,KATPase. Alternately, based on the observations that PPIs can affect intracellular calcium levels [77, 78] , exosomal exit may be another mechanism for TCTP/HRF secretion [19] , PPIs perhaps influencing exocytosis and subsequently regulating TCTP/HRF export via modulation of the calcium levels. Finally, though the catalytic -subunit of H,K-ATPase is known as a major target of PPIs, other unknown targets sensitive to PPIs, may also be possibly involved in the secretion mechanism. Our study thus reveals hitherto unknown important function for H,K-ATPase inhibitors. From a clinical perspective, the observation that PPIs avert the secretion of TCTP/HRF which is associated with the aggravation of late phase allergic reaction, obviously underscores the potential of H,K-ATPase inhibitors as anti-allergic drugs. This possibility needs to be verified.
FACTORS REGULATING THE SECRETION OF TCTP/HRF
Several lines of evidence suggest that secretion of TCTP/HRF can be influenced by various factors, including specific cytokines such as M-CSF [22] , environmental factors including oxidative stress, pollutants such as H 2 O 2 and reactive oxygen species (ROS)-producing dioxin [21, 23] .
Teshima et al. observed that macrophage colonystimulating factor (M-CSF) stimulates the synthesis and secretion of a mouse homologue of a human IgE-dependent HRF, by macrophages in vivo and in vivo [22] . They showed that among various macrophage activators tested including M-CSF, GM-CSF, IL-3, tumor necrosis factor (TNF)-, interferon (IFN)-, and lipopolysaccharide (LPS), only M-CSF increased the level of mouse homologue of p26 HRF mRNA and protein, and also stimulated the secretion of an Nglycosylated p26 HRF with m.w. of 30-kDa [22] . They also confirmed the antigen-specific priming of M-CSF in promoting synthesis and secretion of p26 HRF, using cultured macrophages prepared from OVA-immunized mice, and showed the importance of M-CSF in the secretion of p26 HRF in antigen-sensitized mice [22] . The fact that M-CSF acts as a potent stimulator of induction and secretion of TCTP/HRF in macrophages, underscores its novel role in macrophage functions. These observations indicate that TCTP/HRF released by M-CSF-stimulated macrophage per se, plays a pivotal role mediating late phase allergic inflammation.
Since p26 HRF has a potential N-linked glycosylation site (Asp-Xaa-Ser) [79] , it was proposed that p26 HRFs of 30-kDa size may be secreted after undergoing posttranslational modifications including N-glycosylation. However, following studies on treatment with N-glycosidase F, of the 30-kDa protein secreted into culture medium, it was concluded that p26 HRF might undergo other complex modifications besides N-glycosylation [22] . Although another cytokine, GM-CSF, has been detected in bronchoalveolar and nasal fluids of late phase reactions [80, 81] , where TCTP/HRF was also found [82] , TCTP/HRF synthesis and accumulation were found to be insensitive to GM-CSF in macrophages [22] .
Besides cytokines, environmental pollutant, dioxin [21] , and reactive oxygen species, H 2 O 2 [23] , were shown to trigger TCTP/HRF secretion. Dioxin, 2,3,7,8-tetrachlorodibenzo-p-dioxin, which is classified as an endocrine disruptor, is one of the most toxic man-made environmental pollutants [83, 84] . It was found that dioxin induces TCTP/HRF mRNA in mouse embryonic stem (ES) cells via an aryl hydrocarbon receptor (AhR)-dependent pathway and also stimulates the secretion of TCTP/HRF in the culture media of T and B cell lines, Jurkat and BJAB respectively [21] . Dioxin induced synthesis of IgE-dependent HRF is the first example of TCTP/HRF acting as a direct transcriptional target of toxicants [21] . Therefore, endocrine-disrupting agents or environmental pollutants such as dioxin may have the potential to influence allergic disorders in the human via a mechanism involving TCTP/HRF. It is possible that, dioxin affects other physiological conditions by promoting the expression and secretion of TCTP/HRF.
Another study found that low concentrations of H 2 O 2 trigger TCTP/HRF secretion from BEAS-2B cells [23] . Hydrogen peroxide is a frequently encountered ROS. In studies on the effects of human recombinant HRF (hrHRF) on bronchial epithelium designed to understand the function of TCTP/HRF in airway inflammation, it was found that hrHRF stimulated secretions of IL-8 and GM-CSF in the primary cultures of human bronchial epithelial cells as well as BEAS-2B cells. Interestingly, H 2 O 2 but not IL-1 or TNF-, upregulated the synthesis and secretion of TCTP/HRF by bronchial epithelial cells, suggesting that hrHRF stimulates IL-8 production independently of IL-1 and TNF-. Therefore, oxidative stress may also be a triggering factor for the release of TCTP/HRF from bronchial epithelial cells. Only a secretory form of the 30-kDa HRF, but not an intracellular form of the 26-kDa HRF, was recovered in the culture medium, similar to the previous observations with M-CSF stimulated macrophages [22] . Thus, BEAS-2B cells seem to actively secrete TCTP/HRF under oxidative stress as was the case with mouse ES cells in which TCTP/HRF secretion increased when subjected to ROS-producing dioxin. [21] . All these observations together suggest that environmental pollutants and ROS generated during inflammation, contribute to immune reactions by stimulating TCTP/HRF secretion.
Activated caspase-3 is another TCTP/HRF secretionregulating factor identified, based on the observation that TCTP/HRF export is initiated concurrently with the activation of caspase-3 in serum-starved endothelial cells (EC) [85] . Studies using comparative and functional proteomics, designed to define the mediators released by apoptotic EC, indicated that caspase activation in apoptotic EC promotes the release of antiapoptotic exosome-like nanovesicles and led to the identification of TCTP/HRF as a novel antiapoptotic component of the apoptotic secretome [85] . In addition, it has been shown that increased TCTP/HRF export is a characteristic of apoptotic cell death and that activated caspase-3 regulates TCTP/HRF export through the nanovesicle pathway [85] . The finding that both chemical inhibition and genetic ablation of caspase-3 expression prevent TCTP/HRF export, demonstrates the pivotal role of caspase-3 in the release of TCTP/HRF-bearing nanovesicles by apoptotic cells [85] .
CONCLUDING REMARKS
To date, functional characterization of TCTP/HRF progressed through studies of intracellular processes as well as extracellular activities [1] . Over the past decade, considerable effort has focused on the role of TCTP/HRF in promoting mediator release from immune cells. This allowed examination of the pathophysiologic events in allergic responses. Although recent studies have also elucidated how and why TCTP/HRF is functionally important to various medically relevant processes, several issues relevant to allergy require further exploration. Further elucidation of key signaling molecules contributing to TCTP/HRF secretion and its regulation may clarify several areas of ambiguity in allergic phenomena and lead to potential use of TCTP/HRF as a therapeutic target. Also, identification of a specific receptor for TCTP/HRF, and characterization of the signaling pathways that activate the cytokine release from cells, are needed to fully understand the role of TCTP/HRF in chronic allergic inflammation. Further studies of the regulation of TCTP/HRF secretion, and development of agents that block the specific receptors involved are also needed.
Further understanding of the specific role played by TCTP/HRF in allergic phenomena, will lead to development of anti-allergic drugs. From a clinical perspective, since the secretion of TCTP/HRF from cells seems to regulate allergic responses, inhibition of its secretion by drugs such as omeprazole and pantoprazole might be useful approach to antiallergic therapy. In addition, TCTP/HRF has been shown to be pharmacological target for well-known drugs such as sertraline, thioridazine and arteminisin [63] . This inspired us to explore whether these drugs are potentially useful in treating clinical conditions related to the manifold functions of TCTP/HRF. Deciphering the complex functional links of TCTP/HRF with its pleiotropic roles into a unified picture can be accomplished only by discriminating the various molecular forms of TCTP/HRF, and their roles in specific diseases. These efforts are ongoing in many laboratories.
